REMARKS 

In view of the above amendments and the following remarks, reconsideration and further 
examination are requested. 

The specification and abstract have been reviewed and revised to make a number of 
editorial revisions. Due to the number of changes involved, a substitute specification and abstract 
have been prepared and are submitted herewith. No new matter has been added. Enclosed is a 
marked-up copy of the original specification and abstract labeled " Version with Markings to 
Show Chanses Made ** indicating the changes incorporated into the substitute specification and 
abstract. 

Claim 6 has been rejected under 35 U.S.C. 102(b) as being clearly anticipated by 
Takahashi (US 5,672,091). Claims 1-5 have been rejected under 35 U.S.C. 103(a) as being 
unpatentable over Takahashi in view of Stephan. Claims 3 and 6 have been cancelled and claim 1 
has been amended so as to further distinguish the present invention from the references relied 
upon by the Examiner. 

In addition, claims I, 2, 4 and 5 have been amended to make a number of editorial 
revisions. These revisions have been made to place the claims in better U.S. form. None of these 
amendments have been made to narrow the scope of protection of the claims, nor to address 
issues related to patentability and therefore, these amendments should not be construed as limiting 
the scope of equivalents of the claimed features offered by the Doctrine of Equivalents. 

The above-mentioned rejections are submitted to be inapplicable to the amended claims 
for at least the following reasons. 

Claim 1 is patentable over the combination of Takahashi and Stephan, previously relied 
upon by the Examiner, since claim 1 recites a polishing apparatus having, in part, a top ring 
adapted to hold a substrate and press a surface of the substrate against a polishing surface of a 
polishing table, the top ring having a universal joint, wherein the top ring is swingable between an 
inner area and an outer area on the polishing table so that light emitted from an optical measuring 
device is incident on a position ranging from an outer circumferential edge to a central portion of 
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the substi:ate. The combination of Takahashi and Stephan fails to disclose or suggest a top ring 
having a universal joint as recited in claim 1. 

Takahashi discloses a polishing apparatus having an end point detection device. The 
polishing apparatus has a top ring 2 operable to hold a wafer F against a turntable 1 to polish a 
surface of a wafer F. The polishing apparatus also has a detection device including a beam emitter 
section 3 and a beam receiver section 4. The beam emitter section 3 and the beam receiver 
section 4 are positioned beyond an outer most edge of the turntable 1 . When the wafer F being 
polished is to be checked to determine whether the polishing has been completed, the top ring 2 
moves the wafer F laterally so that an edge portion of the polished surface of the wafer F 
overhangs the turntable 1 above the location of the beam emitter section 3 and the beam receiver 
section 4. ( See column 3, lines 44-67 and Figure 1). 

In Takahashi, in order to determine whether the polishing of the wafer F is complete, it is 
necessary for the top ring 2 to move at least 50% of the wafer F off of the turntable 1 . This is the 
case because the beam emitting section 3 and the beam receiver section 4 are beyond the outer 
edge of the turntable T Since at least 50% of the wafer F must be extended beyond the turntable 
1 , the top ring 2 cannot be provided with a universal joint as recited in claim 1 of the present 
application. This is because when the wafer F is 50% or more extended off of the turntable 1, a 
universal joint would cause the top ring 2 to become inclined due to insufficient support by the 
turntable 1 and would result in the wafer F hitting against an outer peripheral edge of the turntable 
1 which could cause breaking or damaging of the wafer F. As a result,, the polishing apparatus 
disclosed in Takahashi would effectively be rendered inoperable if the top ring 2 was fitted with a 
universal joint because a universal joint would cause the wafer F to break or be damaged when the 
end point detection device was utilized. 

In the combination, the Examiner relies on Stephan as disclosing a grinding disc having a 
number of openings in its work surface so that a person using the grinding disc can observe the 
work piece through the openings while a grinding operation is occurring. However, Stephan fails 
to disclose or suggest a top ring having a universal joint as is recited in claim 1 . 
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Further, it is apparent that it would not have been obvious to combine the grinding disk of 
Stephan with the polishing apparatus of Takahashi. The grinding disk of Stephan is designed so 
that a person using the grinding disk to grind a workpiece can visually inspect the workpiece 
while grinding. However, it is unlikely that the polishing of the wafer F of Takahashi could be 
determined to be complete by mere visual inspection, since the wafer F is a highly sensitive object. 
As a result, it would not be obvious to one of ordinary skill in the art to combine the slits in the 
crude polishing wheel of Stephen with a precision polishing apparatus as disclosed in Takahashi. 

In addition, even if the Examiner maintains that the combination of Takahashi and Stephan 
is proper, the combination still fails to disclose or suggest at least one notch formed in an outer 
peripheral portion of a polishing table, the at least one notch allowing light emitted from the at 
least one optical measuring device to pass therethrough and be incident on the surface of the 
substrate and allowing light reflected from the surface of the substrate to pass therethrough and be 
incident on the at least one optical measuring device. As discussed above, Takahashi discloses a 
beam emitter section 3 and a beam receiver section 4 are positioned beyond an outer most edge of 
the turntable 1 . Therefore, even if the notches of Stephen are combined with the turntable 1 of 
Takahashi, the positioning of the beam emitter section 3 and the beam receiver section 4 are still 
beyond an outer most edge of the turntable 1 . Therefore, the notches in the turntable 1 will not 
allow light emitted from the beam emitter section to pass therethrough and be incident on the 
surface of the wafer F and allow light reflected from the surface of the wafer F to pass 
therethrough and be incident on the beam receiver section 4. As a result, the combination of 
Takahashi and Stephan also fails to disclose or suggest this feature of claim 1 . 

Because of the above-mentioned distinctions, it is believed clear that claims 1, 2, 4 and 5 
are patentable over the combination of Takahashi and Stephan. Furthermore, it is submitted that 
the distinctions are such that a person having ordinary skill in the art at the time of invention 
would not have been motivated to make any combination of the references of record in such a 
manner as to result in, or otherwise render obvious, the present invention as recited in claims 1, 2, 
4 and 5. Therefore, it is submitted that claims 1, 2, 4 and 5 are clearly allowable over the prior art 
of record. 
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Ift view of the above amendments and remarks, it is submitted that the present application 
is now in condition for allowance. The Examiner is invited to contact the undersigned by 
telephone if it is felt that there are issues remaining which must be resolved before allowance of 
the application. 



DMO/jmj 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
November 22, 2002 



Respectfully submitted. 



Norio KIMURA et al. 




David M. Ovedovitz 
Registration No. 45,336 
Attorney for Applicants 



POLISHING APPARATUS 



yersion with Markings to 
Show Changes Made 



BACKGROUND OF THE INVENTION 



Field of the Invention: 

The present invention relates to a polishing apparatus 
for polishing a substrate such as a semiconductor wafer, and 
more particularly to a polishing apparatus capable of 



an insulating film (layer) or a metallic film (layer) on a 



surface, being polished, of the substrate in ««eh- a state^^fehat 
the substrate is mounted on a substrate holder such as a top 
ring. 

Description of the Related Art: 

In recent years, a higher integration of a semiconductor 
device requires -the- narrower wiring and -^fefee- multilayer wiring, 
and hence, it is necessary to make a surface of a semiconductor 
substrate highly planarized. This is because the narrower 
wiring has led to the use of light with shorter wavelengths in 
photolithography and a tolerable difference of elevation at 
the focal point on the substrate becomes smaller in the light 
with shorter wavelengths. Therefore, smaller difference of 
elevation at the focal point, i.e., higher flatness of the 
surface of the substrate is necessary. 

One customary way of planarizing the surface of the 
semiconductor substrate is to remove irregularities (concaves 
and convexes) on the surface of the semiconductor substrate by 
a chemical mechanical polishing (CMP) process. In this case, 
after the semiconductor substrate is polished for a certain 



continuously detecting, on a real-time basis, the thickness of 
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period of time, the polishing operation is required to be 
terminated at a desired position or timing. For example, in 
some oases, an insulating film (layer) of SiO, or the like is 
to be left on a metallic wiring of copper, aluminum or the 
like. Since a metallic layer or other layer is further 
deposited on the insulating layer in^-*he- subsequent process, 
this insulating layer is called an "inter layer." In this case, 
if the semiconductor substrate is polished excessively, the 
metallic under layer is exposed on the surface, and hence^ the 
polishing is required to be terminated in -saeh a state^-bhat a 
predetermined thickness of the interlayer remains unpolished. 

Further, in some cases, interconnection grooves for a 
predetermined wiring pattern are formed in a semiconductor 
substrate, conductive materials such as copper (Cu) or copper 
15 alloy are filled in such grooves of the semiconductor 
substrate, and then unnecessary portions of the conductive 
materials on the surface of the semiconductor substrate are 
removed by a chemical mechanical polishing (CMP). 

When the copper layer is polished by the CMP 
20 process, it is necessary that the copper layer on the 
semiconductor substrate be selectively removed therefrom, 
while leaving only the copper layer in the grooves for a 
wiring circuit, i.e.^ the interconnection grooves. More 
specifically, the copper layer on those surface areas of the 
25 semiconductor substrate other than the interconnection grooves 
needs to be removed until an oxide film of SiO, or the like is 
exposed. If the copper layer in the interconnection grooves 
is excessively polished away together with the oxide film such 
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as SiO,, then the resistance of the circuits on the 
semiconductor substrate would be so increased that the 
semiconductor substrate might possibly need to be discarded, 
resulting in a large loss. Conversely, if the semiconductor 
substrate is insufficiently polished to leave the copper layer 
on the oxide film, then the circuits on the semiconductor 
substrate would not be separated from each other, but short- 
circuited. As a consequence, the semiconductor substrate 
would be required to be polished again, and hencej its 
manufacturing cost would be increased. This holds true for 
semiconductor substrates which have an electrically conductive 
layer of aluminum or the like that needs to be selectively -be- 
polished away by the CMP process. 

Therefore, it has been proposed to detect an end point 

— 

15 of the CMP process using an optical sensor. In such end point 
detecting process in the CMP process, an optical sensor 
comprising a light-emitting element and a light-detecting 
element is provided adjacent to ^th^ turntable . A top ring for 
holding a semiconductor substrate is moved laterally to 
20 ^rotafttde^'^^the semiconductor substrate ^ from the outer 
circumferential edge of the turntable, ther eb y expo sing the 
surface^ ^e ing polishe ^^ 3f the semiconductor substrate. In 
this state, the light-emitting element app lies^ light to the 
surface^ ^eingjpoU^^ of the semiconductM^ubstrate, and 
25 the light-detecting element detects reflected light from the 
surface of the semiconductor substrate to thus measure the 
thickness of the insulating layer or the metallic layer on the 
surface of the semiconductor substrate and detect the end 
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point of the CMP process. 

However, this method is problematic in that during 
polishing of the semiconductor substrate, the thickness o tt,hB^ 
insulating layer or the metallic layer on the surface /^ng 
g^lish g^ of the semiconductor substrate cannot be measured at 
all times. 

Further, in^-^ case where the thickness of the layer is 
measured over a position ranging from the outermost periphery 
to the center of the semiconductor substrate according to the 
above detecting process, the protrusion of not less than 50% 
of the surface of the semiconductor substrate from the 
turntable is necessary. In this case, since the top ring has 
a universal joint such as a gimbal mechanism so as to follow 
the inclination of the polishing surface on the turntable, the 
top ring is inclined and the semiconductor substrate hit^ 
against the outer peripheral edge of the turntable to cause 
breaking or damaging of the semiconductor substrate, 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
provide a polishing apparatus which can produce a real-time 
continuous measured value that represents the thickness of an 
insulating layer or a metallic layer on a semiconductor 
substrate and eliminate the need to excessively protrude the 
surface of the semiconductor substrate from a polishing table 

during polishing. 

According to a first aspect of the present invention, 
there is provided a polishing apparatus comprising: a 



polishing table having a polishing surface; a top ring for 
holding a substrate and pressing a surface of the substrate 
against the polishing surface to polish the surface of the 
substrate; at least one optical measuring device disposed 
adjacent to the outer peripheral portion of the polishing 
table and below the polishing surface of the polishing table 
for measuring the thickness of a layer formed on the surface 
of the substrate; and at least one notch formed in the 
peripheral portion of the polishing table, the notch allowing 
light emitted from the optical measuring device to pass 
therethrough and be incident on the surface of the substrate 
and allowing light reflected from the surface of the substrate 
to pass therethrough and be incident on the optical measuring 
device. The substrate has a semiconductor device ^-t^ercn. 

According to the present invention, while the polishing 
table such as a turntable i s rotated durin g polishing, the 
surface^ age ing polished )/^ of the substrat^ the measuring 
device, and the notch are aligned vertically with each other, 
and light emitted from the measuring device passes through the 
notch and is then incident on the surface of the substrate, 
and then light reflected from the surface of the substrate 
passes through the notch and is then incident on the measuring 
device. Thus, the thickness of the insulating layer or the 
metallic layer formed on the surface of the substrate can be 
detected, and hence^ the end point of the CMP process can be 
accurately detected. 

In a preferred aspect of the present invention, the top 
ring is swingable between an inner area and an outer area on 



the polishing table so that the light emitted from the optical 
measuring device is incident on a position ranging from the 
outer circumferential edge to the central portion of the 
substrate • 

5 In a preferred aspect of the present invention, when the 

top ring is swung to a maximum, the area of the substrate 
which projects outward^ beyond the outer circumferential edge 
of the polishing table is not more than 40% of the entire area 
of the surface^ ^ing polishej )/"^f the substrate^ 
10 In a preferred aspect of the present invention, a nozzle 

is provided for supplying a cleaning liquid to the optical 
measuring device. 

According to a second, aspect of the present invention, 
there is provided a polishing apparatus comprising: a 
15 polishing table having a polishing surface; a top ring for 
holding a substrate to polish the substrate by a relative 
motion between the substrate and the polishing surface; at 
least one optical measuring device for measuring the thickness 
of a layer formed on the surface of the substrate by applying 
20 light to the surface of the substrate; and a moving mechanism 
for moving at least one of the top ring and the polishing 
table during polishing oper at ion^^ wherein the moving mechanism 
moves the top ring or the polishing table to the position 
where the central portion of the substrate is exposed toward 
25 the optical measuring device, for allowing the optical 
measuring device to measure the central portion of the 
substrate . 

The above and other objects, features, and advantages of 
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the present inv ntion will become apparent from the following 
description when taken in conjunction with the accompanying 
drawings which illustrate preferred embodiments of the present 
invention by way of example. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a vertical cross-sectional view of the whole 
structure of a polishing apparatus according to a first 
embodiment of the present invention; 
10 FIG. 2 is a plan view of a turntable in a polishing 

apparatus according to the present invention; 

FIGS. 3A through 3C are schematic views showing a method 
for monitoring the thickness of a layer on a semiconductor 
wafer which is being polished; 
15 FIG. 4 is a plan view showing a polishing apparatus 

according to another embodiment of the present invention; and 

FIG. 5 is a vertical cross-sectional view of the whole 
structure of a polishing apparatus according to a second 
embodiment of the present invention. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A polishing apparatus according to embodiments of the 
present invention will be described below with reference to 
FIGS. 1 through 4. 
25 FIG. 1 is a vertical cross-sectional view of the whole 

structure of a polishing apparatus according to a first 
embodiment of the present invention. As shown in FIG. 1, a 
polishing apparatus has a turntable 1 constituting a polishing 
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table, and a top ring 3 for holding a semiconductor wafer 2 
and pressing the semiconductor wafer 2 against the turntable 1. 
The turntable 1 is coupled to a motor (not shown), and is 
rot at able about its own axis, as indicated by the arrow, A 
polishing cloth 4 is mounted on an upper surface of the 
turntable 1. The upper surface of the polishing cloth 4 
constitutes a polishing surface. This polishing surface may 
be an upper surface of a fixed abrasive plate comprising a 
disk of fine abrasive particles of, for example, CeOj^having a 
particle size of several pm or less and bonded together by a 
binder of synthetic resin. 

The top ring 3 is coupled to a motor (not shown) and 
connected to a lifting/ lowering cylinder (not shown) . 
Therefore, the top ring 3 is vertically movable and rotatable 
about its own axis, as indicated by the arrows, and can press 
the semiconductor wafer 2 against the polishing cloth 4 under 
a desired pressure. The top ring 3 is connected to the lower 
end of a vertical top ring shaft 8, and supports on its lower 
surface an elastic pad 9 of polyurethane or the like. A 
cylindrical retainer ring 6 is provided around an outer 
circumferential edge of the top ring 3 for preventing the 
semiconductor wafer 2 from being dislodged from the top ring 3, 
while the semiconductor wafer 2 is being polished. 

The top ring shaft 8 is supported by a top ring head 15 
which is supported on a support shaft 16. When the support 
shaft 16 is rotated, the top ring head 15 is swung about the 
support shaft 16, and the top ring 3 is swung on the turntable 
1 between the radially outer area and the radially inner area 
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of the turntfible 1. 



A polishing liquid supply nozzle 5 is provided above the 
turntabl 1 for supplying a polishing liquid Q onto the 
polishing cloth 4 on the turntable 1. 
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As shown in FIG, 1, a layer thickness measuring device 



10 for measuring the thickness of an insulating layer or a 
metallic layer formed on the semiconductor wafer 2 is provided 
in the vicinity of the outer periphery of the turntable 1 and 
below the polishing surface of the turntable 1 . The thickness 
10 measuring device is disposed under a locus in which the top 
ring 3 is swung around its support shaft. The layer thickness 
measuring device 10 is supported on a stationary section 11 
such as a frame. The layer thickness measuring device 10 is 
electrically connected to a controller 13 by a wire 12. The 
15 layer thickness measuring device 10 comprises a light- emitting 
element and a light-detecting element. The light- emitting 
element applies light to the surf acey < £eing polishe^ of the 
semiconductor substrat^ and the light-detecting element 
detects reflected light from the surface of the semiconductor 
20 substrate. The light-emitting element comprises a laser beam 
source or an LED. 

FIG. 2 is a plan view of the turntable in the polishing 
apparatus shown in FIG. 1. As shown in FIG. 2, a notch or 
recess la is formed in the turntable 1 at ^-its position 
25 corresponding to the layer thickness measuring device 10. 
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being polished. The layer thickness measuring device 10 is 
located in the vicinity of the radially inner end of the notch 
la. In FIG. 2, the symbol represents the center of rotation 
of the turntable 1, and the symbol C„ represents the center of 
the semiconductor wafer 2. Therefore, every time when the 
turntable 1 makes one revolution, light emitted from the 
light-emitting element in the layer thickness measuring device 
10 passes through the notch la and is incident on the surface, 
being polished, of the semiconductor wafer 2, and light 
reflected from the surface of the semiconductor wafer 2 is 
incident on the light-detecting element in the layer thickness 
measuring device 10. The light received by the light- 
detecting element is processed by the controller 13 to measure 
the thickness of the top layer on the semiconductor wafer 2. 
In this case, the position on^thesurfaceyj geing polishe ^ of 
the semiconductor wafer 2 "Pleasured by the layer thickness 
measuring device 10 is located slightly inward from the outer 
circumferential edge of the semiconductor wafer 2. 

Next, the principles of detecting the thickness of an 
insulating layer of SiO, or the like, or a metallic layer of 
copper or aluminum by the layer thickness measuring device 
will be briefly described. 

The principles of detecting the thickness of the layer 
by the layer thickness measuring device utilizes the 
interference of light caused by the top layer and a medium 
adjacent to the top layer. When light is applied to a thin 
layer on a substrate, a part of the light is reflected from 
the surface of the thin layer while the remaining part of the 
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light is transmitt d through the thin layer, A part of the 
transmitted light is then reflected from the surface of the 
underlayer or the substrate, while the remaining part of the 
transmitted light is transmitted through the underlayer or the 
5 substrate. In this case, when the underlayer is made of a 
metal, the light is absorbed in the underlayer. The phase 
difference between the light reflected from the surface of the 
thin layer and the light reflected from the surface of the 
underlayer or the substrate creates the interference. When 
10 the phases of the two lights are identical to each other, the 
light intensity is increased, while when the phases of the two 
lights are opposite to each other, the light intensity is 
decreased. That is, the reflection intensity varies with the 
wavelength of the incident light, the layer thickness, and the 
15 refractive .index of the layer. The light reflected from the 
substrate is separated by a diffraction grating or the like, 
and a profile depicted by plotting the intensity of reflected 
light for each wavelength is analyzed to measure the thickness 
of the layer on the substrate. 
20 Next, a method for monitoring the thickness of a layer 

on a semiconductor wafer which is being polished will be 
described with reference to FIGS. 3A through 30. 

A semiconductor wafer 2 is held on the lower surface of 
the top ring 3, and pressed by the lifting/ lowering cylinder 
25 against the polishing cloth 4 on the turntable 1 which is 
rotating. The polishing liquid supply nozzle 5 supplies the 
polishing liquid Q to the polishing cloth 4 on the turntable 1, 
and the supplied polishing liquid Q is retained on the 



polishing cloth 4. The semiconductor wafer 2 is polished in 
the pjresence of the polishing liquid Q between the lower 
surface of the semiconductor wafer 2 and the polishing cloth 4, 
While the semiconductor wafer 2 is being thus polished, as 
5 shown in FIG. 3Ar the notch la of the turntable 1 passes 
directly above the layer thickness measuring device 10 every 
time ^wben the turntable 1 makes one revolution. Therefore, 
light emitted from the light-emitting element in the layer 
thickness measuring device 10 passes through the notch la and 
10 reaches the surfacey ^ ^eing polis"he^ / of the semiconductor 
wafer 2^f and light reflected from the surface of the 
semiconductor wafer 2 is received by the light-detecting 
element to measure the thickness of the layer on the 
semiconductor wafer 2. During the polishing operation, every 
15 time -wheB- the turntable 1 makes one revolution, the 
measurement of the thickness of the layer on the semiconductor 
wafer 2 is repeated in the manner as described above. In this 
case, as described above, the p osition on the surface/ (Eeing 
polishe^of the semiconductor wafer 2 measured by the layer 
20 thickness measuring device 10 is located slightly inward from 
the outer circumferential edge of the semiconductor wafer 2. 

Next, by rotating the support shaft 16, as shown in FIG. 
3B, the top ring head 15 is swung in a direction indicated by 
an arrow A, and hence^ the top ring 3 is moved radially 
25 outwardly on the turntable 1. Thus, the radially inner area 
of the surfacey ^eing polishe^ / of the semiconductor wafer 2 
'^can be measured by the layer thickness measuring device 10. 

When the support shaft 16 is further rotated, as shown 
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in FIG. 3C, the top ring head 15 is further swung in a 
direction indicated by the arrow A, and hence^ the top ring 3 
is further moved radially outward^^ on the turntable 1. Thus, 
the position near or around the center C„ of the surface^ 
< ^ing polish^ cp^ of the semiconductor wafer 2 can be measured 
by the layer thickness measuring device 10, At this time, the 
measurement can be made without the need to excessively 
protrude the surface of the semiconductor wafer 2 from the 
turntable 1. Specifically, the center C„ of the semiconductor 
wafer 2, i.e., the center 3c of the top ring 3 is located on 
the turntable 1, and the top ring 3 having a gimbal mechanism 
is prevented from being inclined, even if the top ring 3 
projects from the turntable 1. 

As shown in FIGS. 3A through 3C, when the top ring 3 is 
swung at the position of the notch la between the radially 
inner area and the radially outer area of the turntable 1, the 
thickness of the insulating layer or the metallic layer formed 
on the semiconductor wafer 2 can be detected, as continuous 
measurements on a real-time basis, along a predetermined path 
extending from the outer circumferential edge to the center of 
the semiconductor wafer by the layer thickness device 10. 
Thus, the thickness of the insulating layer or the metallic 
layer on the semiconductor wafer can be monitored at all times, 
and the end point of the CMP process can be accurately 
detected by detecting the following: ^he layer on the 
semiconductor wafer has been polished to a desired thickness, 
or the layer such as a copper layer on the surface areas of 
the semiconductor wafer other than the interconnection grooves 
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has been removed until the layer thickness has become zero. 

In the embodiment shown in FIGS. 1 through 3C, the 
length L (see FIG. 2) of the notch or recess la, provided in 
the turntable 1, in the radial direction of the turntable 1 is 
set so as to satisfy the following requirements. 

1) In such a state that the top ring is not swung, the 

layer thickness device 10 disposed within the notch la can 

measure the thickness of the layer in a predetermined position 

located between the center and the outer circumferen tial edge 

^ ^ — ' > 

of the surfacey ^inq polished ^ of the semiconductor wafer. 

2) In such a state that the top ring is swung radially 
outward^l^ of the turntable, the layer thickness device 10 
disposed within the notch la can measure the thickness of the 
layer in the central ar ea of jt he ^ surf ace^ ^^ jeing polished ) of 
the semiconductor wafer^f^^ In this case, even when the top ring 
is swung to a maximum, the area of the semiconductor wafer 
which projects outward^ beyond the outer circumferential edge 
of the turntable and is exposed to the outside is preferably 
not more than 40% of the entire area of the surf acey (being 
pol ishe^ of the semiconductor wafer. 

FIG. 4 is a plan view showing a polishing apparatus 
according to another embodiment of the present invention. 
According to this embodiment, two notches la are formed in the 
turntable 1 and located in diametrally opposite directions. 
This structure shown in FIG. 4 allows the detection time 
interval to be shortened to one-half ^ the detection time 
interval' in the embodiment shown in FIG. 2. The number of 
notches la may be not l oos th an-^. 
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In the embodiments shown in FIGS. 1 through 4, a nozzle 
for supplying a cleaning liquid is provided adjacent to the 
layer thickness device 10 so that the layer thickness device 
10, when soiled with the polishing liquid, can be cleaned. 
The cleaning liquid can be supplied through the nozzle to the 
layer thickness device 10 continuously or intermittently 
during polishing. According to the embodiments shown in FIGS. 
1 through 4, it is only necessary to provide a relatively 
small notch or notches in the outer periphery of the turntable, 
and hence^ there is no need to take any special measure^ for 
preventing the polishing liquid from leaking from the 
turntable, and the polishing liquid which has dropped through 
the notch la can be received by a conventional trough (not 
shown) provided around the turntable. 

As described above, according to the present invention, 
the thickness of an insulating layer or a metallic layer 
formed on a semiconductor substrate can be detected as 
continuous measurements on a real-time basis during polishing, 
and there is no need to cause the surface of the semiconductor 
substrate to excessively project from a turntable. 

Further, it is only necessary to provide a notch or 
notches (recess or recesses) on the periphery of the turntable, 
and there is no need to provide a through-hole for allowing 
light emitted from an optical measuring device to pass 
therethrough in a main part of the polishing surface, e.g.j an 
intermediate portion between the center and the periphery of 
the turntable. Therefore, a lowering in polishing performance 
involved in the provision of an optical measuring device can 
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be minimized, and it is not necessary to provide a covering 
member sucli as a glass window for covering the through-hole 
formed in the turntable. 

FIG. 5 is a vertical cross-sectional view of the whole 
structure of a polishing apparatus according to a second 
embodiment of the present invention. As shown in FIG. 5, a 
polishing apparatus has a wafer holder 21 constituting a top 
ring for holding a semiconductor wafer 2 under vacuum 
developed in a fluid passage 21a, and a polishing tool holder 

22 constituting a polishing table for holding a polishing tool 

23 and pressing the polishing tool 23 against the 
semiconductor wafer 2 held by the wafer holder 21. The wafer 
holder 21 is coupled to a motor (not shown), and is rotatable 
about its own axis, as indicated by the arrow. The fluid 
passage 21a communicates with a vacuum pump. 

The polishing tool holder 22 is coupled to a motor (not 
shown) and connected to a lifting/ lowering cylinder (not 
shown) . Therefore, the polishing tool holder 22 is vertically 
movable and rotatable about its own axis, as indicated by the 
arrows, and can press the polishing tool 23 against the 
semiconductor wafer 2 under a desired pressure. The polishing 
tool 23 comprises a fixed abrasive^ plate comprising a disk of 
fine abrasive particles of, for example, CeOj , having a 
particle size of several ism or less and bonded together by a 
binder of synthetic resin, and constitutes a polishing surface. 
The polishing tool holder 22 is connected to the lower end of 
a vertical shaft 25, and the vertical shaft 25 is supported by 
a polishing tool head 26 which is supported on a support shaft 
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27. The polishing tool holder 22 is movable radially of the 
wafer holder 21 between the radially outer area and the 
radially inner area of the wafer holder 21 by the polishing 
holder head 26 which is swung by the rotation of the support 
shaft 27. 

A polishing liquid supply nozzle 5 is provided above the 
wafer holder 21 for supplying a polishing liquid such as pure 
water onto the semiconductor wafer 2, A layer thickness 
measuring device 10 for measuring the thickness of an 
insulating layer or a metallic layer formed on the 
semiconductor wafer 2 is provided above the wafer holder 21. 
The layer thickness measuring device 10 has the same structure 
as that in FIG. 1, and is movable radially of the wafer holder 
21 along a guide rail 28, 

With the above structure, the semiconductor wafer 2 is 
held by the wafer holder 21 under vacuum, and the polishing 
tool 23 is pressed against the semiconductor wafer 2 by the 
polishing tool holder 22. The polishing liquid supply nozzle 
5 supplies the polishing liquid to the semiconductor wafer 2, 
and the supplied polishing liquid is retained on the 
semiconductor wafer 2. The semiconductor wafer 2 is polished 
in the presence of the polishing liquid between the upper 
surface of the semiconductor wafer 2 and the polishing tool 23. 
While the semiconductor wafer 2 is being thus polished, the 
layer thickness measuring device 10 measures the thickness of 
the insulating layer or the metallic layer formed on the 
semiconductor wafer 2. During polishing, the polishing tool 
holder 22 is movable between the radially outer area and the 
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radially inner area of the semiconductor wafer 2 to polish the 
whole surface of the semiconductor wafer 2. As the polishing 
tool 23 is moved radially of the semiconductor wafer 2, the 
layer thickness measuring device 10 is moved radially of the 

5 semiconductor wafer 2 in synchronism with the polishing tool 
23, and theref ore ^ the layer thickness measuring device 10 can 
measure the thickness of the top layer such as the insulating 
layer or the metallic layer from the center to the outer 
circumfereij^al edge of the semiconductor wafer 2 on a real- 

10 time basis during polishing. 

Although certain preferred embodiments of the present 
invention have been shown and described in detail, it should 
be understood that various changes and modifications may be 
made therein without departing from the scope of the appended 

15 claims . 
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ABSTRACT OF THE DISCLOSURE 
A . polishing apparatus ^ c om p risca a polishing table 
having a polishing surface, a top ring for holding a substrate 
and pressing a surface of the substrate against the polishing 
5 surface to polish the surface of the substrate, and at least 
one optical measuring device disposed adjacent to the outer 
peripheral portion of the polishing table and below the 
polishing surface of the polishing table for measuring the 
thickness of a layer formed on the surface of the substrate. 

10 The polishing apparatus further c ompri Bea- at least one notch 
formed in the peripheral portion of the polishing table. The 
notch allows light emitted from the optical measuring device 
to pass therethrough and be incident on the surface of the 
substrate and allows light reflected from the surface of the 

15 substrate to pass therethrough and be incident on the optical 
measuring device. 
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what is claimed is: 



y^^.^t.^v1*tllMaIkiri 

11 A polishing apparatus comprising: 
a bolishing table having a polishing surface; 
a top ring^gor holdingl a substrate and^/^ressingj a 
(surface of\ the substrate against said polishing surface to 
polishlsaidj Wrf ace of Qgai^^substrat^^ 




at leasV one optical measuring device disposed adjacent 
to Cthel ""outer Peripheral portion of said polishing table and 

_J ^ \ ^^'^ '^^ ^^^^ ^ *- *f " 

10 below said polishing surface of said polishing table^ gor 

measuring th^ thickness of a layer formed on !sai<I|^surf ace of ,^^ra6ic. 

Lpaid) substrate; an 

at least one Viotch formed in {th^^ peripheral portion of 

said polishing tableV said notch allowing light emitted from 

Q T i ec? sT jru^ \ . »_ i_ J i» 

15 said optical measuring device to pass therethrough and be 

incident on (^ai^Jsurfac^^ of (sai^^ substrate and allowing light 
reflected from (sai^J^^face of ^;>ai^^^ubstrate to pass 
therethrough and be incident on said^optical measuring devic^. 

x^c..^en. ^'i- rx ^po'iisliing apparatu^ according ^to claim 1, wherein 
Oai<^ substrate has a semiconductor device^)threroiJ. 



7 



■lUJ 



i, A polishing apparatus according to claim 1, wherein 
said top ring is swingable between ein inner area and an outer 
25 area on said polishing table so thatXthe light emitted from 
said optical measuring device is incident on a position 
ranging from the outer circumferential X^dge to the central 
portion of said substrate. 
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4. A polishing apparatus according to claim 1, wherein 
When said top ring is swung to a maximum, Qthe}^ area of ^aid] ^ 
substratA which projects ^ CPUtwards| beyond Lthe] ^ outer 
circumf er^tial edge of said polishing table is not more than 
40% of Cih^"entire area of Ijai^^ surf ac^ being polished^ of 

Csai^'^s^st^te^i^"^ <^^"-^ 

5. A pAlishing apparatus according to claim 1, further 
comprising a hoz2le^[for supplying^ a cleaning liquid to said^ 
optical measurilfig device. 

^ ^. A polishing apparatus comprising: 

a polishing\ table having a polishing surface; 
15 a top ring\ for holding a substrate to polish the 

substrate by a relJ^tive motion between the substrate and said 
polishing surface; 

at least one <^tical measuring device for measuring the 
thickness of a layer\ formed on said surface of the substrate 
20 by applying light to ^id surface of the substrate; and 

a moving mechaniism for moving at least one of said top 
ring and said polishing\ table during polishing operation; 

wherein said movihg mechanism moves said top ring or 
said polishing table to the position where the central portion 
25 of the substrate is expAsed toward said optical measuring 
device, for allowing said optical measuring device to measure 
the central portion of the su^trate. 
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